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qhemdstrﬂf is the science whlch deals with the properties, composition and
the structure of substances. It also studies the physical and chemical changes in
matter and the laws or principles which govern these changes.

Determination of composition represents finding out percentages of
elements and compounds in a sample of matter. Structure of matter means the
arrangement of atoms in matter. Both physical and chemical changes may be
broughtabout by the interaction of energy.

To understand the w1de|y spread complex subject of chemistry and to
concentrate on its specific aspects, chemistry is divided into many distinct
branches. These branches have distinct areas of study for the scientists to focus
on and to achieve breakthroughs and advancements,

This branch investigates how substam;es behave at a‘tdmlc or molecular
levels. It provides ;:iear epraneﬁon as ‘ta how ‘fuhdarhental physical laws
governing our world: caUse r;—rtems and\snoleCules to show specific characteristics
andinturnr thg give huge-structures related to life. Physical chemistry is also
used\\jtd | pre ict ‘and change the rates of reaction and thus optimize the
conditions to ca rry out the reaction on industrial scale.

Inorganic Chemistry _

It is the study of the synthesis and properties of compounds that do not
contain carbon hydrogen bonds. An inorganic compound can be composed of
metals, nonmetals or a mixture of these, salts, acids and bases. Incrganic
compounds are used as fuels, medicines, catalysts, pigments, surfactants,
coatings and much more,

It is the bra nch of chem|stry that deals with the carbon compounds other
than its simple salts like carbonates, oxides and carbides. In this branch, we study

the structure, formation, properties,- composition and reactions of carben-

containing compounds. Organic com pou nds are found mrall ferms oﬂi’feand are
also essential for life. ~ 1\ : 2,30
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It is. the Sﬂ:lél"ltlflc study of the chemical and biochemical phenomena that
occurin'this planet In this subject, we study the sources, reactions, effects and
fates of chemical species in the air, soil and water environments. Without this, it
would be impossible to study the effects humans have on the environment
through the release of chemicals. It helps in understanding the causes, effects
and solutions of different types of pollution.

5. Analytical Chemistry

This branch of chemistry deals with the analysis of different substances. it
involves separation, identification and determination of the concentration of the
material things. Nowadays the field of analytical chemistry generally involves the
use of modern and sophisticated instruments to analyze the matter,

It is the branch ofchemistry in which we understand [ﬁéthroughchem:ca]
processes. It is the study of chemical substané:es and wtal procesﬁes occurring in
living organisms, B|ochem|stryprwidés mslghts into-the structure and function
of molecules such asﬁrp‘tem:s, carbah;zdrates lipids and nucleic acids.
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7 Nuciem !..hemlstry

Nuclear chemistry deals with the reactions taking place in the nucleus of
an atom. It deals with radioactivity, nuclear processes and transformation in the
nuclei of atoms.

Polymers are large molecules made by linking together a series of
building blocks. Polymer chemistry focuses on the properties, structure and
synthesis of polymers and macromolecules. Many materials present in the living
organisms including proteins, cellulose and nucleic acids are naturally occurring
polymers.

Geothermal heat pump uses a pump to: transfer undergrctund water [ntb the i
buildings during the winter to heat them andin the sumrﬁertabcéol t]'remt >
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Thte $t1hd9 of chemlcal composmon of Earth and its sources and minerals is
called geo chemistry. Apart from its use in minerals exploration, geochemical
mapping today has applications in environmental monitoring, forestry and

medical research.

In this branch of chemistry, the chemist tries to design and synthesize a
medicine or a drug which is beneficial for mankind. It includes the discovery,
delivery, absorption and metabolism of drugs in human body.

11 ﬁstrochéﬁiiéﬁy :

It is the study of molecules and ions recurring in space and interstellar
space. In this discipline we study the abundance and reactions of molecules and
ions inthe universe and interaction of these species with radiation. -

A Iunar mission has recently brought sap"rpies rfmm the Mobh The followmg
experiments were then carrled out on 1t Pomf;aut"the branch of chemistry

_\

these exper:mentsafe related 'th, NS

Experiment Branch of Chemistry

N lIbt-:-termmg.] its composition

2. Studying the physical properties
of materials it contains

3. Carrying out chemical reactions
with usual inorganic reagents

1.2 States of Matter

This world is made up of matter and energy. Energy is non-material in
nature. Anything other than energy which carries weight and occupies volume is
called matter. We encounter material things everywhere in all sort of different
and distinct forms.

A state of matter is one of the many distinct forms in which matter-can
exist. We observe four states of matter in everyday life: sohd llqm' »g8s- and
plasma. Apart from these, there are mave s_’c‘ates of matter Whlch we do not seein
our everyday life. \ iy -




The three pnmaw statas of matter aréthe SOlld liquid and gaseous They
are different from each other due to different strength of intermolecular forces,
the arrapge;ﬂlerft of partlcles and the distance between the particles. In gases,
molecules are very widely apart with no order whatsoever and very weak
intermolecular forces. All these features make gases easily compressible. Their
densities are obviously very low.

The liquids, on the other hand, have molecules closely attached but
randomly arranged and there exists significant intermolecular forces between
them. Liquids are therefore not easily compressible and their densities have
higher values than those of gases.

Solids have a definite shape and a fixed volume. Particles in solids are
closely packed and have very strong interatomic or intermolecular attractions.
The particles in solids remains fixed at their positions where they can oscillate
about their mean positions. Solids are incompressible and rigid.

The densities of solids are very high. Solids are the only state of matter
which do not need any container to be stored. In crystalline solids, pal:tid?& are
perfectly arranged and strongly bonded, Tb«ts ’m\aikés fhe_n}\almost
incompressible. They are the most dense ubetahqu \ ) ] .I'

Plasma is not sogenerauy saért foiﬂm ﬁaffnatter It is c0mposed of particles
with very high kmetlc’enerc_:m r; exusts\“ﬂu orescent tubes, lightning and welding
arcs. Plasma Jpe cqhgadered as a partially ionized gas containing electrons,
1ons,|3 tdmﬁ

“Matter also exits in intermediate states where liquid meets gas and liquid
meets solid, for example supercritical fluids, liquid crystals and graphene.
Supercritical fluids are highly compressed states which show both properties of
gases and liquids. Chemical reactions which may not be carried out in
conventional solvents, may possibly be carried out in supercritical carbon
dioxide.




qumd crystal-is a state' of| ._‘a}lser whose propertles are between those of
conventional. |IG|1JIdS and those of crystalline solids. Liquid crystals are used in
dlsplay dqv Ee§ including computer monitors, clocks, watches and navigation
systems Graphene is an example of two-dimensional crystal, a single layer of
carbon atoms arranged in a hexagonal pattern. Graphene is a tough, flexible and
light material with a high resistance.

States of matter that are not commonly encountered are called exotic
states of matter. Examples are dark matter, Bose-Einstein condensate, nuclear
matter, quantum spin liquid and many others.

1.3 Element, Compound and Mixture

Matter in this world exists in the form of elements, compounds and
mixtures. Element is the simplest form of matter. It is a pure substance
containing the same kind of atoms. It cannot be broken down into simpler
substances by ordinary chemical reactions. Elements exist in all three forms;
solid, liquid and gas. Most of the elements found in this wor|d exist m:s“éhd“ﬁgrm
Liquid and gaseous elements are very fewm numbefaé co«m;:éted to'solids.

Elements may be a metal) a nel\'s—fi'netal and\ a r‘nethllmd and a noble gas.
Elements can also exrﬁs in,form df atgms, mplecnfes ions and isotopes. Examples
of important eIemehtS\ am sqdium, ‘potassium, magnesium, calcium, carbon,
silicon nr&ch)g Hr oxygéh chlorlne, helium, copper, gold, zinc, silver nickel,
cohatﬁl h’méfcury, bromine iodine, etc. :

" Compound is also a pure substance. It is made up of two or more different
chemical elements combined in a fixed ratio. When elements come together,
they react with each other and form chemical bonds that are not easy to break.

Compound may be molecular, ionic, intermetallic and coordination
complexes. Compounds may also be inorganic and organic in nature. Examples
of important compounds are water, ammonia, methane, carbon dioxide,
carbonates, chlorides, starch, proteins, carbohydrates, mineral acids, organic
acids, etc.

The composition and properties of elements or a compound are uniform
throughout a given sample and from one sample to another. A mixture is formed
when more than one types of elements or compounds are mixed together in any
ratio. Alir, soil, milk and tap water are everyday examples of mixtures. A mixture
may be homogeneous or heterogeneous. A solution of salt and water- Is\an
example of homogeneous mixture because its- cchqeﬁr.ratmn is= uniform
throughout. A sample of rock is-an example of "'heterogene;ous mixture because




the concentrations of its constituerits.is different’in its different parts. Rocks
composed of differenttypes of minerals such as granite, mica and limestone.
heresting Informationt \
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Many elements are found in nature but some are artificial. Technetium was
firstelement created by scientists in the laboratory.

Copper sulphide

Rack Chocolate N




Both elements and 'compmmds may exust in more than one structural
forms which can hlblt quite- different physical and chemical properties. These
forms arg cal ecf' allotropic forms and phenomenon is called allotropy. Element
oxygen exists in two allotropic forms namely oxygen (O,) and ozone (Os).

Similarly, carbon exists in three main allotropic forms, diamond, graphite
and Buckminster fullerene. Diamond has a giant macromolecular structure
whereas graphite has a layered structure of hexagonal rings of carbon.
Buckminster fullerene (Cgo) consists of spheres made of atoms arranged in
pentagons and hexagons. Fullerenes are stable at high temperatures and high
pressures. Being covalent in nature, they are soluble in organic solvents. The
fullerene structure is unique in that the molecule is not charged, has no
boundaries and has no unpaired electrons. They have a cage like structure.
Fullerene C,, has a low melting point. It is soft and cannot conduct electricity.
Element sulphur also exists in two crystalline allotropic forms i.e. rhombic and
monocline; the formeris more stable than the latter.

.

Grapherle Diamond Buckminsterfullerene

Graphite Rhombic Sulphur Monoclimic Sulphur
Fig (1.4} Allotropic Forms of Carbon and sulphur -
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An element is the
simplest form of matter.
It is a pure substance
containing the same
kind of atoms.

A compound is a pure
substance. It is formed
by the chemical
combination of two or
more atoms of different
elements.

Mixture is an impure
compound. A sample of
matter having more
than one type of
elements or compounds
mixed together in any
ratio, is called a mixture.

[t is not possible to
break down an element
into simpler particles by
ordinary chemical
reactions.

O\

In a compound, the
atoms of elements must
combine together by a
fixed ratio by weight. For
example, in water (H,O)
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Each component of a
mixture retains its
identity and specific
properties.

L1 q

When an element e\xfs‘{cé‘
in t\hefm@\pﬁpf oL\«
aggregate’ of atoms, it
is represented by a
symbol. For example,
sodium and calcium are
represented by their
symbols Na and Ca.

\‘Ell'tlis“‘-{s\téﬁsi'ﬁle to break a
" compound into its
constituent elements
by a chemical reaction.
For example, ammonia
can be converted back
to nitrogen and
hydrogen by a suitable
chemical reaction.

A mixture may be
homogeneous or
heterogeneous. For
example, the solution of
common salt in water is
a homogeneous mixture
while a sample of rock is
a heterogeneous
mixture.

Gaseous elements exist
in the form of

independent molecules,
for example nitrogen
(N3), oxygen (O,) and

i chlorine (Cl,). Noble
gases, however, exist as
mono atomic molecules,

The properties of a
compound are always
different from the
elements from which it is
formed. For example, the
properties of water are

different from those of | .

The components of a
mixture are not
chemically bound
together and they can
be separated by
physical methods.

Ko

hydrogen and. oxygen.|
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\\ _Eb?n‘p‘ou nds existinthe | The properties of a

}:~.l'i"l;;;w{r‘i:J_'”‘-l'.‘.‘_.i"-il--' o= |formof molecules, for | mixture are the sum of
AVACIR g examplehydrogen | those of its

chloride (HCl), ammonia components.

(NH,) and water (H,0).

Compounds may also

exist as network

arrangement of their
atoms. For example, ionic
compounds like NaCl
and covalent compounds

like sand (SiO5).

ERELE® 1. Which elements are found in pure state in Earth?
2. Which elements are in very small amounts in Earth?

1.4 Solution, Colloidal Solution and Suﬁpeﬁsam‘a PR
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A solution is such a mixture in whlch solute pamdérrare t:ompletely
homogenized in the solvent g, dIESJO!,ut-IOﬁ \of | SOqulm ¢hl@rlde or copper
sulphate in water. The solute partlcl%f‘ lri'smdh \a solution cannot be seen by the
naked eye. If so!utlomls f’ Il@rad the\sepérflcles pass through the pores of filter
paper ieavin pq preclpltafe Such a solution is called a true solution. A
suspefjs bh |\§ T1e other hand, is a mixture in which solute particles do not
dlssotve in the solvent. We can actually see these particles. If a suspension is kept
for some time, these particles settle down. Again, if this suspension is filtered, the
particles in it cannot pass through the pores of filter paper and can be collected
as a precipitate, A mixture of chalk in water is an example of suspension.

Solution Cailloidal Suspension
Besides a true solution and a suspension, there is a third form of solution
called colloidal solution. In this type, the solute particles do not homogenize with
solvent. These particles are a little bit blggerthan the solute partlcles presen‘tm
present in a suspension. If kept for some 'ume;L the partlcles of aceilo:dal solution
do not settle down. On f Itraﬂon these' partlcles pass through the filter paper like




Take about 100 g of water in a beaker, add to it 5g of table sugar, and stir it.
The sugar will dissolve in water, Then add another 5g of sugar and stir. This will
also dissolve. This solution is called an unsaturated solution. A solution which can
dissolve more amount of a solute at a particular temperature is called an
unsaturated solution. Continue adding sugar in the above solution. As the
quantity of sugar in water increases, its dissolution will become more difficult. A
stage comes when no more sugar will dissolve in water at this temperature. Any
more sugar added at this stage will settle down at the bottom of the beaker. This
solution is called a saturated solution at a particular temperature of the process.

A solution in which the maximum amount of the solute has been
dissolved in a particular amount of a solvent at a particular temperature |s caIJed
a saturated solution. _ A&\ O)\LY

Different solutes have dlfferentso{tlbllmesm apartltuiarswa jent. For
example, if the saturated solutlons‘ciftable sugar»and sodium chloride are
prepared, it is found tha& the gbn\éqntraﬂon of sodium chloride saturated
solutionis 5.3 moJar at ro&m\temberature while that of sugar solutionis 3.8
molar ro}cjm|\ ﬂmperature In other words, the solubility of sodium
chlo\r‘mi| ihwater is far greater than that of sugar at room temperature. This
is due to the fact that the attraction of sodium and chloride ions with water
arefarstrongerthantheattractionsbetweensugarmoleculeswith water.
How formation of solutioncan be usefulindailylife?

Wil
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- Solutions are closely related to our everyday lives. The air we breathe, the
I|qu1d and other foods we consume, the fluids in our body, the solids like steel we use,
1areall solutions.

The solublilty of a solute is the amount of solute which can dlssolve in
100g of a solvent at a particular temperature.

Change in temperature has different effects on the solubility of different
compounds. Usually the solubility increases with the increase/ m:temperature but
it cannot be taken as a general rule. There are a Iarge riumber of compounds
whose solubility in Hzo Jncreases W|th the mqrease in temperature e.g. potassium




mtrate (KNOS), silver mtrate (AgNOaj and potassmm chloride (KCI) etc.- The

solubrl:B; of. Isod|ttllm chioride in H,0 does not increase appreciably with the
incréas i temperature. The solubility of compounds like lithium carbonate
(Li,COs) and calcium chromate (CaCrO,) decreases with the increase in
temperature, The solubility of gases in water also decreases with the increase in

temperature.
Solubility Curves

Solubility Curve of KNO; in H;0
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o _,_..‘l' i Tak'e 100g of water ina beaker' R i
- -and prepare saturated solutlon ,of_ y o 45 ¢
' sugar at room temperature. Heat the ' Saturated |
z beaker on a spirit. lamp: Add a little - - i solutlonof -

'more sugar in [t nd stir- it Wil this - 5“93’ iy

f.sugar has mcreased

Slmllarly, the solubllltles of copper sulphate and sodlum nitrate also
increase with increase in the temperature. However, the solubility of caicnum
hydroxide decreases with the increase in temperature. \)
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The increase in the solubility of solids in liquids
with increase in temperature may be used to
purify them. Pure solids commonly appear as
beautifully shaped crystals.

Crystals of Potassium Nitrate

Generally the solubility of gases decreases with increase in temperature. Carbon
dioxide gas is also more soiuble in water at low temperature. Soda water bottles
are thus stored in the refrigerator to keep carbon dioxide gas dissolved in water
foralonger period of time. '

Key Pcu nts

derstaﬁ& th yast and corhptgxi'subqut pf Cﬁemlstw, rt»is dlwded mto many £

._ | _ches Phy5| e‘mﬁt‘ry;ﬁqo\ rgal f‘

by 3 Jr‘hajmly i‘n'three states 50|ld llqwd and gas They are dlfferent from each__
g lhé{lEUEtod:ﬁerentcharactenstlcsofpar‘ticles whlch theycontam i e




ll‘!]lr‘qicdyi“the cou:rect answetr.

(i “Matteris presentin neon signs in the state of:

(@) Supercritical fluid (b) Plasma
(c) Gas (d) Liquidcrystal
(i)  Hazardouseffects of shopping bags are studied in:
(a) Geochemistry (b) Inorganic chemistry
(¢) Analytical Chemistry (d) Environmental chemistry
(i)  The man-made polymeris:
(a) Starch (b) Polystyrene
(c) Protein (d) Cellulose
(iv)  Theallotropicform of sulphuris:
(a) Brass (b) Rhombic - ’—‘\ l.._(, . \\m
() Graphite (cﬁ\ Broa \\I \ o=

()  Whichliquidamongthe fc{ Iowmg z’saw@llaﬁd@l soiutmh?
@ Mik O \s A ‘ \\\S‘ “Yb)”’SIaked lime used for white wash

\\\“'\\\'l,.‘\__
(€) Vip garsdlutlon L= (d) Mixture of AgClin water
v P;Mm e following is a heterogeneous mixture?

{a) Asolution of calcium in hydroxide water
(b) A solution of potassium nitrate in water
{¢) Hotchocolate

(d) Concrete mixture

(vii) A state of matter whose praperties are between those of liquids and
crystalline solids.

(a) Liquid crystal (b) Supercritical fluid
() Plasma | {d) Darkmatter

viiij When the tiny particles of a substance are dispersed through a medium,
‘the mixture is named as:

(@) Truesolution {b) Colloid __
(c) Suspension (d)HeterogenwWimfe’j,,” &
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A solution of KCIOa has a-.,-oi‘ub lty @f _ba_; 13 ﬁg'p'er 100 em’ at 40°C.
How its solu bihty wll‘{be“affecteti if yoU decrease the temperature?

@ The sq]ublhty willincrease

\ ﬁbb\ Ui hé‘golubllltywdl decrease

(¢} Thesolubility will remain the same

(d) The solubility will first increase with temperature and then it will
decrease

You are studying the rate of hydrolysis of organic compound starch under
different conditions of temperature. In which branch of chemistry this
topicwill fall?

(a) Organic Chemistry (b) Analytical Chemistry
(c) Biochemistry (d) Physical Chemistry

Questions for Short Answers
Why is there a need to divide Chemistry into many branches. Give three

\
reasons. S\ @0 1\ (W

Reactions may take place due to electrons pre{?ent\odts(d@ the ﬂiJcTeus or
they may take place inside thé nuEfeus» Which ﬁra nohés of Chemistry cover

’\.“ -\\

these two typesof' réaetrans \\ ;\\
What types of; prcoble\ms aﬂe sﬂTved in analytmal chemistry?

&m@raﬁm{eand graphene have hexagonal layered structures. What is the
rence?

Why are supercritical fluids important?

In which state does matter exist in the Sun?

What is the importance of graphene?

Which form of matter do most of the material things in this world belong to?

Constructed Response Questions
How does a supercritical state look like?
In whatway is plasma created in a fluorescent tube?

Most of the molecules we study in biochemistry are organic in nature. Where
does the difference existin organic and biochemistry branches ofChemlstry

Give the reason of brilliance shown by diamond. Can you zmprove it?-—
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-Why do dlffereﬂt cGT‘ﬂpounds\ have different solubilities in water at a
partlculartemPerature?

Wh)? |Na~dl canbe crystallized from water just like KNO;?

Why graphite is slippery to touch which property of graphite enables it to be
used as lubricant?

Descriptive Questions

Mention the name of the branch of Chemistry in which you will study each of
the following topics.

(a) Rate of a reaction (b) Digestion of food in human body

(¢) Properties of plasma (d) Ecosystem

(e) Reactions taking place during fire works

(f) Measurement of the absorption of wavelength with the help of ultraviolet
spectrometer

What are allotropic forms? Explain the allotropic fo ms*af t;fa:ﬁlf(on\ a\md
sulphur. How does coaldnﬁerfrom(mamﬁnd'? % \ \ \' [ (@ V0=

What are supercrltlcalﬂmds Howarétheyd&ﬁe@nt frOmordmarthuuds?
Define solu blllt§%¥ a sq-\lute Howgﬁ‘oes the solublllty of solutes change with

the [ncrease4r']temperaturé?’
Wﬁéwaés\éhovements are present in gaseous and liquid molecules?

D’ﬁerentlate between the areas which are studied under inorganic and
organic chemistry.

Investigative Questions

Preparation of solutions leads to an important process in chemistry which
enables us to purify a compound through crystallization. Describe a process
inwhich potassium nitrate is purified by crystallizing it in water.

Graphene is called a miracle material and it is the material of the future.
Which of its many properties makes it very useful in electronics?




